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In this work are reviewed the existing methodologies for source 12 apportionment and sensitivity analysis to identify key differences 13 and stress their implicit limitations. The emphasis is laid on the 14 differences between source "impacts" (sensitivity analysis) and 15 "contributions" (source apportionment) obtained by using four 16 different methodologies: brute force top-down, brute force bottom-17 up, tagged species and DDM. A simple theoretical example to 18 compare these approaches is used highlighting differences and 19 potential implications for policy. When the relationships between 20 concentration and emissions are linear, impacts and contributions are 21 equivalent concepts. In this case, source apportionment may be used 22 for air quality planning purposes and vice versa, sensitivity analysis 23 may be used for quantifying sources contributions. 24 However, this study demonstrates that when the relationship 25 between emissions and concentrations is non-linear, sensitivity 26 approaches are not suitable to retrieve source contributions and 27 source apportionment methods are not appropriate to evaluate the 28 impact of abatement strategies. Moreover, when using sensitivity 29 analysis for planning, it is important to note that, under non-linear 30 circumstances, the calculated impacts will only provide information 31 for the exact conditions (e.g. emission reduction share) that are 32 simulated. 33 34 35
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Introduction
40
The concentration of a pollutant at a given location generally results 41 from direct emissions and from interactions in the atmosphere 42 among different emission precursors, emitted by a variety of 43 sources. For example, particulate matter (denoted here as PM) 44 results from the interaction and combination of 5 precursors (PPM, 45 NO x , SO 2 , NH 3 , and VOC) which can be emitted by different 46 activity macro-sectors (e.g. residential, transport, industrial and 47 agriculture). 48 49
Abatement strategies aim at reducing the precursor's emission of the 50 different activity sector to reduce pollutant concentrations but these 51 strategies are challenging to design because of the complex 52 relationships that link precursors and pollutants. 53
Two different approaches are currently used to support air quality 54 decision makers: source apportionment and sensitivity analysis. 55 56  Source apportionment quantifies the contribution of an 57 emission source (or precursor) to the concentration of one 58 pollutant at one given location. 59  Sensitivity analysis estimates the impact on pollutant 60
concentration that results from a change of one or more emission 61 sources. 62 63
The main objective of this work is to review the existing 64 methodologies, identify key differences and stress their implicit 65 limitations. We will particularly focus on the differences between 66 concentration "impacts" (sensitivity) and "contributions" (source 67 apportionment) obtained with different methodologies. We make use 68 of a simple theoretical example to compare the approaches, highlight 69 differences and potential implications in terms of policy. In the  70 following sections, we analyze first how these methodologies work 71 
208
It is important to stress that the top-down single impacts are not 209 equivalent to their bottom-up counterparts. The relation between 210 these bottom-up and top-down impacts can be expressed as (here for 211 the case of E 3 ): 212 213
Using equations (3), (4), (5) and (6), equation (9) 
16
The interaction terms can be obtained in a similar way to the 493 bottom-up approach by using the Stein and Alpert formulation for 494
495 496
The interaction terms are given by: 498 499
With this approach, a non-linear behavior is also observed and 501 interaction terms are not zero. It is also interesting to note that the 502 triple interaction term (̂) is null. The sum of the individual 503 impacts (∆ + ∆ + ∆ = 400) overestimates the overall 504 impact (∆ = 300).We further discuss these aspects at the end of 505 this section. These results are graphically represented in Figure 2  506 (fourth and fifth columns). 507 508 509
Tagged species approach 510 511
Compared to Brute-force, the tagged species approach calculates the 512 share of each source to the overall concentration change. These 513 shares are referred to as contributions and have the main property 514 that the sum of the individual contributions is equal to the overall 515 concentration impact, by definition, i.e.: 516 517 
543
The contribution attributed to SO 2 is 50 × 2 whereas the 544 contribution attributed to NH 3 is 50 × (1 − 2 ). 545 546
The contribution of each sector is then obtained as the sum of their 547 precursor contribution shares as follows: 548 549 The first-order derivatives are evaluated using finite differencing 576 between the base case and a level characterised by emissions that are 577 10% lower for each activity sector. 578
The concentration changes resulting from a 100% emission 579 reduction (i.e. between the base case and the zero emission case) 580 could be estimated by setting , and to unity. The main difference with respect to the non-limited regime is the 714 appearance of a triple interaction term that will also lead to 715 differences between the BF-TD and the DDM approaches, given the 716 fact that the latter only accounts for first order terms. 717 718
In comparison to the non-limited regime, the calculation of the 719 concentration impacts resulting from different percentage of 720 emission reduction shows non-linear trends ( Figure 5) 
